Abstract. The Orange "Data for Development" (D4D) challenge is an open data challenge on anonymous call patterns of Orange's mobile phone users in Ivory Coast. The goal of the challenge is to help address society development questions in novel ways by contributing to the socio-economic development and well-being of the Ivory Coast population. Participants to the challenge are given access to four mobile phone datasets and the purpose of this paper is to describe the four datasets. The website http://www.d4d.orange.com contains more information about the participation rules.
1. Introduction. The availability of detailed mobility traces and mobile phone communication data for large populations has already had a significant impact on research in behavioral science. Some researchers consider such datasets as an opportunity to refine the analysis of human behavior [5] , while others question the usefulness of such datasets to draw conclusions on collective human behavior [1, 2, 5] .
Digital traces left by mobile phone users often reveal sensitive private individual information. It is therefore natural to limit access to such data. Limited access to data of scientific interest is however a potential source of a "new digital divide" in the scientific community, as described in [2] . In order to improve the availability of large mobile phone datasets and to foster research in this area, the Orange Group decided to provide anonymized datasets from Ivory Coast for the purpose of scientific research. With around five million customers, Orange has a significant market share in Ivory Coast, whose total population is estimated to be 20 million individuals. In addition to the scientific benefit, the project intends to foster development in Ivory Coast by establishing new collaborations with African scientists and by providing behavioral data that has not yet been collected by the national statistics agency [3] .
2. Other datasets on Ivory Coast. Researchers participating in the D4D challenge are encouraged to combine the D4D mobile phone datasets with other datasets and source of information. These sources include the following.
African Development Bank Group. The African Development Bank (AfDB) Groups mission is to help reduce poverty, improve living conditions for Africans and mobilize resources for the continents economic and social development. With this objective in mind, the institution aims at assisting African countries in their efforts to achieve sustainable economic development and social progress. http://www.afdb.org/en/ African Economic Outlook. Economic, social and political developments of African countries, with the expertise of the African Development Bank, the OECD Development Centre, the United Nations Economic Commission for Africa, the United Nations Development Programme and a network of African think tanks and research centres. http://www.africaneconomicoutlook.org/en/ Africa and Middle East Telecom News. Africa and Middle East Telecom-Week' tracks the fixed, broadband and mobile phone markets in Africa and Middle East. http://www.africantelecomsnews.com/ Africa Renewal on Line. The Africa Renewal magazine is produced by the United Nations organism and provides up-to-date information and analysis of the major economic and development challenges facing Africa today. It works with the media in Africa and beyond to promote the work of the United Nations, Africa and the international community to bring peace and development to Africa. http://www.un.org/french/ecosocdev/geninfo/afrec/vol25n In order to have a homogeneous data sample, customers that subscribed or resigned from Orange during the observation period have been removed. Additionally, incoming and outgoing calls have been paired in order to eliminate double counts (i.e. an incoming call for an individual is an outgoing call for the correspondent).
The provided datasets contain the geographical positions of cell phone antennas. Orange considers the exact antenna location as sensitive information and therefore the locations have been slightly blurred so as to protect Orange's commercial interests.
For technical reasons, the antenna identifiers are not always available. Instead of removing the corresponding communications, the code −1 was given to antenna with missing identifier. This happens for a significant number of calls (about one in four).
The datasets covers a total of 3600 hours. Due to technical reasons data is sometimes missing in the datasets; missing data covers a total period of about 100 hours.
4. Published Datasets. All datasets are available in Tabulation Separated Values (TSV) plain text format.
Antenna-to-antenna (SET1).
For this dataset, the number of calls as well as the duration of calls between any pair of antennas have been aggregated hour by hour. Calls spanning multiple time slots are considered to be in the time slot they started in. Antennas are uniquely identified by an antenna id and a geographic location. This data is available for the entire observation period. Communication between Orange customers and customers of other providers have been removed.
The antenna-to-antenna traffic data is provided in the files SET1TSV 0.TSV to SET1TSV 9.TSV. The 10 files each correspond to 14 days. Each line in a TSV file provides the number of calls as well as the total duration of calls between a pair of antennas for a given hour.
The DDL code for this data is: CREATE This first dataset can be visualized with Geofast www.geofast.net. Geofast is a web-based tool for the interactive exploration of mobile phone data. The data is aggregated on different administrative levels and users are able to select administrative regions and visualize the amount of communication traffic on selected days.
Individual Trajectories: High Spatial Resolution Data (SET2).
Individual movement trajectories can be approximated from the geographic location of the cell phone antennas during calls. Limited knowledge of an individual's trajectory is often sufficient for identification and the individual can then be traced during the entire observation period. Two obvious solutions to reduce the possibility of identification are to reduce the spatial resolution or to publish trajectories only for limited periods of time. Since long term observation data as well as trajectories with a high spatial resolution have interesting scientific applications, two different datasets are published in order to balance privacy protection and scientific interest.
The first dataset contains high resolution trajectories of 50, 000 randomly sampled individuals over two-week periods. The second dataset contains the trajectories of 50, 000 randomly sampled individuals for the entire observation period but with reduced spatial resolution. We describe the first dataset in this section and the second dataset in the next section.
The original data has been split into consecutive two-week periods. In each time period, 50, 000 of the customers are randomly selected and are assigned anonymized identifiers. To protect privacy new random identifiers are chosen in every time period. Time stamps are rounded to the minute.
This dataset is in the archive SET2 and contains the files POS SAMPLE 0.TSV to POS SAMPLE 9.TSV.
The DDL code for the data is: CREATE reduced by publishing the sub-prefectures of the antennas rather than the antennas' identifiers. The published dataset also contains the geographic center of the subprefectures. The 255 sub-prefectures of Ivory Coast along with Orange's cell phone towers are shown in Figure 4 .1.
Coarse-grained spatial resolution
In this dataset, the localisations are coarse-grained at the "sous-préfecture" level, the administrative partition of the country in 255 units (see Figure 1) .The geographical coordinates of the center of each administrative unit are furnished. Data are provided for the full observation period with timestamp, new Alias are attributed to the selected users.
The threat of indirect identification from such data is weakened by the publication of only a significant fraction of the trajectories (for 50,000 users randomly selected from the customers absent in fine-grained samples). Data are published in SUBPREF_POS_SAMPLE.TSV file. Note: some subprefectures have not antenna at all.
Communication subgraphs
The publication of this dataset aims at giving an insight on the social relationship dynamics which could be inferred from the communication patterns. The published data allows the reconstruction of the communication subgraphs of the 2nd order network neighbourhood (neighbours of neighbours) for a significant fraction of the customers. The identifiers (Alias) are local to each subgraphs, i.e., if a customer participates in two subgraphs, s/he will appear under two different identifiers, one for each subgraph. But the identifier will remain the same for all This dataset is in the archive SET3 and contains the files from SUBPREF POS SAMPLE A.TSV to SUBPREF POS SAMPLE J.TSV, and the file SUBPREF POS LONLAT.TSV.
The DDL code for SUBPREF POS LONLAT.TSV is:
CREATE 
Communication Subgraphs (SET4).
Our aim with this dataset is to allow the analysis of communication graphs. The dataset contains the communication subgraphs for 5, 000 randomly selected individuals (egos). For these individuals, communications within their second order neighborhood have been divided into periods of two weeks spanning the entire observation period. For constructing an ego-centered graph, one consider first and second order neighbors of the ego and communications between all individuals (we do however not include communications between second order neighbors). The anonymized identifiers assigned to the individuals are identical for all time slots but are unique for each subgraph. That is, a customer who is part of the communication graph of two different customers has a different identifier in the two graphs (see Figure 4. 2). We therefore have a total of 5,000 connected graphs in every time period. The egos have been given identifiers between 1 and 10,000 and neighbor labelling starts from 20,000.
Phone calls that follow a public phone usage pattern have been excluded from the randomly selected individuals. In Ivory Coast, it is common for some mobile phone owners to provide their phone to people on the street for a fee. This usage is characterized by a large number of outgoing calls but little mobility. We have removed from our selection of egos the customers identified as public phone providers.
The files are in the archive SET4. The communication subgraph data is published in the files GRAPHS 0.TSV to GRAPHS 9.TSV. Each of the files contains the aggregated communication graphs within the second order neighborhood of the randomly selected individuals, divided into two-week periods, starting on December 5, 2011. For every pair of individuals we indicate if there has been a communication between the two, we do not provided the number of communications, total communication time or the direction of the communication.
The DDL code for those data is: CREATE TABLE GRAPHS_0(  source_user_id INTEGER, 
